SUMMARY By administering fluorescein intravenously to 95 patients we calculated the ratio of fluorescein concentration in the vitreous at the time of its peak level compared with the estimated unbound concentration of fluorescein in the plasma at the same time. We studied 12 normal phakic and 83 aphakic eyes approximately two months, one year, and more than two years after cataract extraction. All the eyes had undergone intracapsular cataract extraction or extracapsular cataract extraction, with or without posterior capsulotomy, because of senile cataract. The calculated ratio in patients with intracapsular and extracapsular lens extraction was statistically significantly reduced at two months and one year after cataract extraction and was normalised at more than two years after the operation in comparison with normal subjects. The ratio was statistically significantly reduced in patients with intracapsular extraction compared with those with extracapsular extraction at two months and one year after surgery. Posterior capsulotomy had no effect on the ratio. The ratio, we considered, at least partially reflects the outward transport of fluorescein from the vitreous cavity. Although the findings reflect subclinical phenomena, they are of importance when considering postoperative sequelae. The posterior lens capsule, zonule, and intact anterior vitreous face may be essential for the anterior uvea to function in the outward transport of fluorescein from the vitreous cavity.
Recently the basic surgical technique in cataract extraction has been changing from intracapsular to extracapsular, because with the extracapsular method there is a lower incidence of such postoperative complications as cystoid macular oedema, vitreous changes, and retinal detachment.' 2 Although an intact posterior lens capsule postoperatively has been regarded as essential in preventing these complications, its biological significance is unknown.
Worst3 has postulated that the aqueous becomes biotoxic after cataract extraction, and stressed the significance of the intact posterior lens capsule and vitreous as a protective factor against aphakic cystoid macular oedema. Ozaki4 has stated that the posterior lens capsule may serve as a diffusion barrier of some substances. A common feature of these hypotheses is that, when the posterior lens capsule is lost after intracapsular cataract extraction, substances in the Correspondence to Dr K Miyake, Shohzankai Medical Foundation, Miyake Eye Clinic Hospital, 1070-Kami 5, Higashiozone-cho, Kitaku, Nagoya, Japan 462. aqueous penetrate more easily into the vitreous cavity and affect the retina.
More recently Binkhorst' explained the postoperative disorders following intracapsular cataract extraction by the term 'barrier deprivation syndrome." He suggested that intracapsular cataract extraction deprives the eye of the stabilising effect of the lenszonule barrier and causes loss of stability inside the eye-namely, endophthalmodonesis, whose mechanical aspects may be the cause of postoperative complications. The biological nature of this mechanical aspect is unknown.
Studies with fluorophotometry have shown a disruption of the blood-retinal barrier following lens extraction that was greater after intracapsular than after extracapsular extraction.
I These authors have considered that the high concentration of fluorescein in the vitreous is mainly due to hyperpermeability of the dye from the blood to the vitreous. Is that assumption true? Fluorescein is actively transported from the vitreous into the blood,"8 and this function seems to be disturbed in some pathological con-428
Outward transport offluorescein from the vitreous in aphakic eyes ditions.9-" Furthermore, Blair and studied is shown in Table 1 . There were no statistically significant differences among the groups.
METHODS
The theoretical basis of the methodology is the same as described by Blair and associates. 12 The new aspect in this study is that fluorescein was administered intravenously. To measure the fluorescein concentration in the vitreous, we used commercially available fluorophotometers'3-'8 (Fluorotron Master, Coherent Co., CA, and Gamma-Inami Fluorophotometer, Inami Co., Tokyo, Japan). During the examination with the Fluorotron Master, which is also capable of measuring fluorescein concentrations in the serum, aphakic patients wore glasses or contact lenses, and all patients were examined under a fully mydriatic pupil. Each subject was given 10 mg/kg sodium fluorescein intravenously. Fluorescein fundus angiography was done to detect cystoid macular oedema. Vitreous fluorophotometry was performed hourly for seven or eight hours, in most cases starting one hour after the patient received the fluorescein by the method described previously. '7 lX From the results of serial fluorophotometry we recognised the peak concentration of fluorescein in the mid vitreous (9 mm from the retina) (Cv) and the time of the peak concentration. Blood was obtained from a finger prick both at one hour after administration of fluorescein and at the end of the measurement series. The total blood concentration was also measured by fluorophotometry and was plotted as a function of time. The value at the time of maximum Cv (Ct) was interpolated according to an exponential decline. Then the concentration of unbound fluorescein in the serum at time t (Cs) was calculated from the following equation, as described by Blair and Table 2 gives the time of peak Cv, Cv, Ct, Cs, Cs/Cv, and CA/CV for each group at the three time periods. At two months and at one year after the operation the Cs/Cv ratio was statistically significantly lower in all groups except the extracapsular group at 1 year that underwent cataract extraction than in normal subjects (p<OOl1-p<005), and was statistically significantly lower in intracapsular than in extracapsular extraction groups (p<005). There was no statistically significant difference in the Cs/Cv ratio between the group given extracapsular extraction and the group given extracapsular extraction with posterior capsulotomy (p<05). More than two years after the operation there was no statistically significant difference in the Cs/Cv ratio between the intracapsular extraction and extracapsular extraction groups (p>0O5), between the normal and intracapsular groups (p>0.5), and between the normal and extracapsular groups (p<0.3). There was no statistically significant difference in the Ca/Cv ratio among the groups studied (p<0.5).
Cystoid macular oedema was detected in five eyes of the intracapsular extraction group and six eyes of the extracapsular extraction group at two months after the operation, and was detected in one eye of the intracapsular extraction group at one year after the operation. Although these cases had low Cs/Cv ratios, no statistical analysis could be done because of the small number of subjects.
Discussion
The Cs/Cv ratio reflects many biological phenomena, including the function of the blood vitreous barrier (inward and outward permeability of fluorescein), intraocular diffusion of fluorescein, metabolic factors of sodium fluorescein (fluorescein gluculonide), and others, but it mainly indicates the outward transport of fluorescein."2
The outward transport of fluorescein from the vitreous in aphakic eyes with apparently normal fundus was lowered until at least one year postoperatively, and was lower after intracapsular than after extracapsular cataract extraction. These results are noteworthy when one considers the biology of lens extraction procedures and the pathogenesis of postoperative complications.
Miyake,"6 examining longstanding aphakic eyes by means of vitreous fluorophotometry, has reported an abnormally high concentration of fluorescein and a more persistent disruption of the blood retinal barrier than expected. He found a higher incidence of this disruption in aphakic eyes after intracapsular than after extracapsular cataract extraction. What is the true nature of this barrier disruption? In the present study we have shown that the persistently high concentration of fluorescein in the vitreous is partly due to the reduction of outward transport. The active transport system to sodium fluorescein inside the eye is located in the retinal pigment epithelium, indicate that the active transport of fluorescein is more impaired after intracapsular than extracapsular cataract extraction. It is widely accepted that the incidence of cystoid macular oedema is higher after intracapsular than extracapsular extraction.2 From this evidence we conclude that aphakic cystoid macular oedema is closely related to dysfunction of the active transport mechanism. The number of cases with cystoid macular oedema in this study was too small to analyse; however, we are now conducting studies along these lines.
Some controversies surround the method of calculation we used.2 However, here we discuss the chronological time course of posterior vitreous fluorescein concentration and serum-free fluorescein concentration. Near the time of peak Cv the vitreous fluorescein concentration does not noticeably change, and it even shows plateaux2 in a small number of cases, whereas the serum fluorescein concentration decreases gradually. This change could cause substantial change in the Cs/Cv calculation. However, since this phenomenon is observed in both normal and pathological eyes, it probably does not influence the trends of this study.
